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[57] ' ABSTRACT

The specification discloses a semiconductor device in-
cluding at least three layers of one and the opposite
conductivity type of semiconductor material inter-
leaved with one another to form P-N junctions within
the body. A plurality of discrete regions of one con-
ductivity type are formed in each of the exterior layers
of the other conductivity type and extend normally
from the external surfaces into the interiors of each of
the exterior layers. The discrete regions are closely
spaced apart throughout the surface of the exterior
layers and the discrete regions in one layer are aligned
with the discrete regions in the other layer to cause
voltage drops adjacent the discrete regions which are
normal to the P-N junctions during initial conduction
of the device. First and second spaced apart elec-
trodes are connected in low resistance ohmic contact
with the discrete regions and one of the exterior lay-
ers. A third electrode is connected to the other of the
exterior layers of the other conductivity type.

30 Claims, 6 Drawing Figures
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MULTILAYER SEMICONDUCTOR SWITCHING
DEVICES

FIELD OF THE INVENTION

This invention relates to semiconductor switching de-
vices, and more particularly relates to a multiterminal
semiconductor switching device of the multilayer type.

THE PRIOR ART

Semiconductor switching devices having five alter-
nating regions of opposite semiconductor conductivity
types and four P-N rectifying junctions have been here-
tofore utilized to provide full wave power control of al-
ternating current. These semiconductor devices, com-
monly termed semiconductor triacs, are described in
detail in such patents as U.S. Pat. No. 3,275,909 issued
to Gutzwiller on Sept. 27, 1966. An important aspect
of operation of such semiconductor triac devices is a
lateral voltage drop which occurs along the emitter
junction in order to trigger conduction of the device
when the proper amount of current is applied through
the gate electrode. This lateral voltage drop occurs as
a result of the nonuniform geometry of such prior triac
devices, wherein the upper and lower emitter regions
are laterally offset from one another. The lateral volt-
age drop occurrence is described in detail in column 5
of U.S. Pat. No. 3,275,909, in column 4 of U.S. Pat.
No. 3,476,993, and in column 4 of U.S. Pat. No. Re
27,120.

The lateral voltage drops which occur during opera-
tion of prior devices having nonuniform emitter geome-
try result in a high absolute current density for the de-
vices, due to the fact that the majority of the voltage
drop occurs in one localized lateral area of the device.
Such previously developed triac devices having lateral
voltage drops thus often have lower than optimum
static and commutating dv/dt and often have turnoff
times which are longer than desired.

SUMMARY OF THE INVENTION

In accordance with the present invention, a semicon-
ductor triac device is provided which substantially re-
duces or eliminates many of the disadvantages hereto-
fore associated with prior multilayer semiconductor
triac devices. In the present invention, the localized lat-
eral voltage drop of prior triac switching devices is sub-
stantially eliminated and a voltage drop is provided
which extends over the entire area of a device perpen-
dicularly to the emitter junctions of the device in order
to provide improved operational characteristics.

In accordance with a more specific aspect of the in-
vention, a semiconductor device is provided which in-
cludes a body of semiconductor material having at least
three layers including an internal layer of one conduc-
tivity type bounded on opposite sides by two layers of
the opposite conductivity type to form a plurality of
P-N junctions. The body includes first and second op-
posed outer surfaces of the opposite conductivity type.
A plurality of discrete regions of one conductivity type
are closely spaced apart over the first and second outer
surfaces of the body, the discrete regions having gener-
ally symmetrical cross sections and extending inwardly
from the first and second outer surfaces into the layers
of opposite conductivity type. The discrete regions in
the first outer surface are laterally aligned with the dis-
crete regions in the second outer surface, A first elec-
trode is placed in low resistance ohmic contact with the
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exposed surface of a plurality of discrete regions and
with a portion of the first outer surface. A second elec-
trode is connected to the first outer surface and is
spaced apart from the first electrode. A third electrode
is connected to the second outer surface. In one em-
bodiment of the invention, a fourth electrode is spaced
apart from the third electrode on the second outer sur-
face. )

In accordance with another aspect of the invention,
a semiconductor device includes a body having three
layers of one and the opposite conductivity type of
semiconductor material. A layer of one conductivity
type is disposed between exterior layers of the other
conductivity type to form two P-N junctions within the
body. A plurality of discrete regions of the one conduc-
tivity type are formed in both of the exterior layers and
extend normally from the external surfaces into the in-
teriors of the exterior layers. The discrete regions of
one exterior layer are laterally aligned with the discrete
regions of the other exterior layer, and the discrete re-
gions are closely spaced apart throughout the exterior
layers to cause voltage drops adjacent the regions
which are normal to the P-N junctions during initial
conduction of the device. First and second spaced
apart electrodes are connected in low resistance ohmic
contact with the discrete regions and one of the exte-
rior layers. A third electrode is connected to the other
of the exterior layers of the other conductivity type.

DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention and for further objects and advantages
thereof, reference is now made to the following de-
scription taken in conjunction with the following Draw-
ings, in which:

FIG. 1 is a somewhat diagrammatic sectional view of
one embodiment of a semiconductor switching device
according to the invention;

FIG. 2 is an enlarged perspective view of a cut-away
portion of the upper layers of the device shown in FIG.
I;

FIG. 3 is an enlarged sectional view taken between
two of the discrete regions of the device shown in FIG.
1;

FIG. 4 is a cut-away view of an alternate embodiment
of the invention,

-FIG. 5 is a somewhat diagrammatic side sectional
view of a four terminal embodiment of the device; and

FIG. 6 is a side sectional view of a third embodiment
constructed according to the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 illustrates a side view of an embodiment of a
three terminal semiconductor triode-type device con-
structed in accordance with the invention. A body 10
includes an interior layer of N-type conductivity mate-
rial 12 which is surrounded by two exterior layers of P-
type material 14 and 16. The geometry of the body 10
may be either rectilinear or circular, and a plurality of
discrete N-type regions 18 are formed: throughout the
surface area of layer 14 and a plurality of N-type dis-
crete regions 20 are formed throughout the surface
area of layer 16. In the illustrated embodiment, each of
the regions 18 and 20 are the same general size and
have a symmetrical cross section which in the illus-
trated embodiment is substantially square.
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A thin layer 22 of P+ material is disposed over the ex-
terior surface of layer 14 and completely surrounds and
isolates the upper regions of each of the regions 18.
Similarly, a thin layer of P+ material 24 is formed over
the ‘exterior surface of layer 16 and completely sur-
rounds and isolates the upper portions of each of the
discrete regions 20. The P+ layers 22 and 24 have high
resistivities relative to regions 18 and 20 and thus tend
to isolate the regions 18 and 20 from adjacent regions.
A first metal electrode 26 is formed in the center of one
side of the body 10 and contacts the layer 22 and sev-
eral of the regions 18. A second electrode 28, which in
the illustrated position comprises a unitary electrode
which surrounds the centrally located electrode 26, is
also connected to the layer 22 and the upper portions
of ones of the regions 18. A third electrode 30 is placed
in low ohmic resistance contact with substantially the
entire surface of the opposite side of the body 10 and
contacts layer 24 and the upper portions of the discrete
regions 20.

An important aspect of the invention is that the elec-
trodes 26 and 28 are spaced apart a sufficient distance
in order to isolate the electrodes from one another. In
the preferred embodiment, the electrodes 26 and 28
are spaced apart by at least one of the intervals of P-
type and P-+-type material which separates adjacent
discrete regions 18, or at least by one of the vertical
P-N junctions formed by the regions 18 and the layers
14 and 22. Generally, it will be desirable to separate the
electrodes 26 and 28 by three or four of the discrete re-
gions 18.

A very important aspect of the invention illustrated
in FIG. 1 is that the regions 18 are vertically aligned
over the discrete regions 20. In other words, the longi-
tudinal axis of each of the regions 18 is directly aligned
with the longitudinal axis of one of the regions 20. As
will be subsequently described in greater detail, this
alignment of the regions 18 and 20 substantially elimi-
nates lateral current flow during initial conduction of
the device and insures: that voltage drops which occur
within the device are perpendicular to the P-N junc-
tions formed by the layers 12, 14 and 16. This aligned
or opposed emitter structure differs from prior triac de-
vices wherein the emitters are nonaligned or nonop-
posed, thus resulting in lateral current flow.

FIG. 2 illustrates a perspective view of a plurality of
the discrete regions 18 and illustrates the preferred
generally square cross sectional shape of the regions
18. The electrodes 26 and 28 are removed from FIG.
2 for clarity of illustration. FIG. 2 also illustrates how
the layer 22 spaces apart and surrounds the upper por-
tions of each of the regions 18 in order to provide isola-
tion to the regions 18. As may be seen in FIG. 2, the ex-
terior faces of each of the regions 18 are flush with the
exterior surfaces of the layer 22. The regions 18 in-
clude beveled corners 19.in order to separate adjacent
regions with P-type material. The regions 20 are
formed in an identical manner as regions 18, and are
directly vertically aligned or opposed with regions 20.

FIG. 3 is a sectional view taken between adjacent N-
type regions 18 and illustrates how the regions 18 are
separated by a thin interval 34 of P-type material. FIG.
3 also illustrates the thin layer 22 of P+ material which
covers the exterior of the layer 14. FIG. 3 further shows
how the regions 18 extend from the exterior surface of
the body 16 downwardly into the interior of layer 14,

15

20

25

30

35

40

45

50

55

65

4

but do not extend past the P-N junction formed by lay-
ers 12 and 14.

- The device illustrated in FIGS. 1-3 may be formed by
any one of a number of conventional techniques. For
example, a pellet of silicon of N conductivity type may
be boron or gallium-diffused on both sides to a depth
of 1 mil to 4 mils to form the P-type layers 14 and 16.
The pellet may then be masked on both sides by con-
ventional masking techniques, as for example, with sili-
con dioxide. A portion of the dioxide mask may then
be removed on the exterior surfaces of the pellets to ex-
pose a plurality of spaced apart rectangular surfaces
corresponding to the cross sections of the regions 18
and 20. Care is taken during this operation that the re-
gions 18 and 20 are directly opposed with one another
in the manner previously described. The pellet may
then be exposed to phosphorus diffusion to a depth of
several mils in order to form the N-type discrete re-
gions 18 and 20. Appropriate metal contacts may then
be applied by conventional techniques to form the elec-
trodes 26, 28 and 30. For example, the electrodes may
be formed by deposition of electroless nickle or alumi-
num. ‘

If desired, an identical structure but with opposite
conductivities as shown in FIGS. 1-3 may be formed by
similar techniques. However, it is believed that such a
complementary device will not generally provide the
superior operating characteristics previously described
with the use of N-type emitting regions. In the forma-
tion of such a complementary device, the initial wafer
or pellet would be of P-type conductivity material
which would form the interior layer. The upper and
lower N-type layers would then be diffused by an impu-
rity such as phosphorous. Finally, a mask would be ap-
plied and the discrete regions would be diffused by
boron or gallium diffusion. Contacts would then be ap-
plied by conventional techniques such ‘as described
above.

The regions 18 and 20 are formed to be less than
twenty five mils in width, with a width of less than ten
mils preferred, and are spaced very close to.one an-
other. For example, regions 18 and 20 will generally be
spaced apart within a range of 1 mil to 10 mils; with a
spacing of 2 mils to 3 mils working well in practice. The
length of the regions 18 and 20 are such that they ex-
tefid into the interior of layers 14 and 16, but do not ex-
tend through the layers 14 and 16.

The surface impurity concentrations of the regions
18 and 20 and layers 12, 14 and 16 may, of course, vary
according to desired operation of the device. However,
a typical impurity concentration of the P+ layers 22
and 24 is on the order of 2 X 10 atoms per cubic centi-
meter and a typical depth of the layers 22 and 24 is on
the order of 0.2 mil. P-type layers 14 and 16 may have
a surface impurity concentration of on the order of 101
- 10? atoms per cubic centimeter. The N-type layer 12
may, for example, have a surface impurity concentra-
tion of in the range of 103 - 10 atoms per cubic centi-
meter. The N-type discrete regions 18 and 20 may for
example have a surface impurity concentration of 102!
atoms per cubic centimeter. The depth of layers 14 and
16 may, for example, be up to 4 mils, with the depth of
the N-type regions 18 and 20 being less than the thick-
ness of the layers 14 and 16.

Operation .of the semiconductor triode-type device
shown in FIGS. 1-3 is somewhat similar to that of the
devices: disclosed in the Gutzwiller U.S. Pat. No.



3,896,477

5

3,275,909 noted above, except that the current flow
and resulting voltage drop along the emitter junction of
the present device is predominately perpendicular to
the lateral P-N junction between layers 12 and 14,
rather than parallel to the lateral emitter junctions as

in the prior art devices disclosed in the Gutzwiller pa--

tent. In operation when suitable voltage is applied
across the electrodes of the present device, voltage
drops will occur in the area of the discrete regions 18.
These voltage drops are primarily directed perpendicu-
lar to the P-N junction formed by layers 12 and 14 and
are generally parallel to the longitudinal axes of the re-
gions 18, These voltage drops will therefore henceforth
be termed “‘vertical voltage drops” as opposed to the
prior art “lateral voltage drops.” As the applied voltage
is raised to a higher value to force conduction through
the center junctions, carriers from the upper emitter
regions 18 cause vertical voltage drops to occur in the
area of the lower emitter regions 20. As the regions 20
are directly aligned with regions 18, carriers may travel
from an upper emitter region to a lower emitter region
in a generally vertical direct path. The lower emitter
regions can thus very efficiently be caused to emit over
the entire surface area of the device, and due to the op-
posed geometry and relatively narrow emitter regions,
lateral current flow is essentially eliminated in the de-
vice.

As noted, the present device conducts over substan-
tially the entire area of the device and thus has lower
absolute current density than previously developed tri-
acs which have lateral voltage drops which are concen-
trated in localized areas of the devices. Because of the
elimination of lateral voltage drops and reduced abso-
lute current density, the present triac devices thus have
substantially improved switching speeds and improved
static and commutating dv/dt characteristics. In fact,
the current density of the present device may be as
much as one-half the current density of an equivalent
prior triac, and the switching time of the present device
may be as much as one-half the switching time of a sim-
ilar prior triac. Further, the forward current during
surge which is possible before failure in the present de-
vice is as much as 25-50% greater than prior devices,
due to the dissipation of heat over substantially the en-
tire surface of the device.

Although the preferred embodiment is illustrated
with discrete regions 18 and 20 having generally square
cross sections, it will be understood that different con-
figurations of the emitter regions are possible. For ex-
ample, FIG. 4 illustrates a device having a plurality of
elongated bar upper discrete regions 18 which are di-
rectly aligned or opposed with elongated bar lower dis-
crete regions 20. Regions 18 are provided with rectan-
gular cross sections, but are formed as elongated bars
and are spaced apart from one another in a parallel
configuration. Regions 20 are identical in size with re-
gions 18 and are directly aligned below regions 18, in
order to provide the advantages previously described.
The dimensions of the device of FIG. 4 are the same as
the dimensions previously described for FIGS. 1-3.

Side gate structure is formed in the device by the ap-
plication of electrodes over groups of the regions 18
and 20. Other configurations of the discrete regions are
also possible, such as a plurality of spaced apart con-
centric circles, wavy elongated bars, and the like.

FIG. 5 illustrates another embodiment of the inven-
tion wherein like numerals are utilized for like and cor-
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responding parts of previous drawings. The device is:
designated generally by the numeral 40 and is substan-
tially identical to the device shown in FIG. 1, except for
the addition of a fourth electrode. N-type layer 12 sur-
rounded by P-type layers 14 and 16. Discrete regions
18 are formed on one surface of the body 40 and dis-
crete regions 20 are formed in the other surface of the
body as previously described, and are aligned beneath
regions 18. Thin layers of P+ material 22 and-24 are
formed on exterior sides of the body and surround the
discrete regions 18 and 20 as previously noted. Elec-
trodes 42 and 44 are spaced apart on one side of the de-
vice 40, whilé third and fourth electrodes 46 and 48 are
spaced apart on the opposite side of the device 40. As
previously noted, the electrodes 42 and 44 and 46 and
48 are spaced apart by at least one interval of P-type
and P+ type material and preferably are spaced apart
by a plurality of regions 18 and 20. Operation of the de-
vice shown in FIG. 5 is similar to previously developed
four terminal five layer devices, except that the voltage
drops which occur during conduction of the device are
vertical, i.e., are primarily directed perpendicularly to
the P-N junctions formed by layers 12, 14 and 16. FIG.
6 illustrates a third embodiment of the invention and is
generally denoted by the numeral 50. Device 50 in-
cludes a N-type layer 52 which is surrounded on oppo-
site sides thereof by a P-type conductivity layer 54 and
layer 56. A groove 58 surrounds a first electrode 60
connected to one side of the device 50. Groove 58 is
preferably filled with passivating material such as glass
or the like. A plurality of discrete regions of N-type ma-
terial 60 are formed throughout the surface area of the
device in the manner previously described. A continu-
ous electrode 62 contacts ones of the regions 60 and is
spaced apart from electrode 60. A thin layer of P+ ma-
terial 64 is formed over the layer 52 and surrounds the
upper portions of the regions 60.

A region 66 of N-type material is formed in the cen-
ter region of the layer 56 and is completely surrounded
by a groove 68 filled with passivating material such as
glass. A plurality of discrete regions 70 of N-type mate-
rial are formed in layer 56 in the manner previously de-
scribed. A thin layer of P+ material 72 is formed over
layer 56 and surrounds the upper portions of regions 70
in the manner previously described. A third electrode
74 contacts the exterior surfaces of the regions 70 and
the P+ layer 72.

Operation of the device shown in FIG. 6 is similar to
known devices of this general type, in that the inversion
region 66 tends to maintain the center gate region of
the device in a nonconducting state. In operation of the
device 50, the regions 60 are aligned with regions 70 in
the manner previously described, and thus no lateral
current flow or resulting voltage drop occurs in device
50 during operation. Only vertical voltage drops occur
in the area of the regions 60 and 70 as previously noted.
As described above, this provides substantially im-
proved operating characteristics such as improved
static and commutating dv/dt and reduced turn on
time.

Whereas the present invention has been described
with respect to specific embodiments thereof, it will be
understood that various changes and modifications will
be suggested to one skilled in the art, and it is intended
to encompass such changes and modifications as fall
within the scope of the appended claims.
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What is claimed is:

1. A semiconductor device comprising:

a body of semiconductor material having at least
three layers including an internal layer of one con-
ductivity type bounded on opposite sides by two
layers of the opposite conductivity type to form a
plur-tity of P-N junctions, said body having first
and second opposed outer surfaces of said opposite
conductivity type,

an array of discrete regions of said one conductivity
type spaced apart over said first and second outer
surfaces of said body; the cross sections of said dis-
crete regions parallel to said outer surfaces being
symmetrical and said discrete regions extending in-
wardly from said first and second outer surfaces
into the interior of said layers of opposite conduc-
tivity type,

each of said discrete regions in said first outer surface
being vertically aligned with a discrete region in
said second outer surface, in order to substantially
eliminate lateral current flow in said device during
conduction upon the application of predetermined
bias potential,

a first electrode in low resistance ohmic contact with
the exposed surfaces of a plurality of said discrete
regions and with a portion of said first outer sur-
face,

a second electrode connected to a source of control
bias and connected to said first outer surface and
contacting a plurality of said discrete regions and
spaced apart from said first electrode, and

a third electrode connected to said second outer sur-
face:

2. The semiconductor device of claim 1 wherein the
entire surface area of said layers of opposite conductiv-
ity type conducis during triggering of said device when
predetermined bias potential i3 applied to said elec-
trodes.

3. The semiconductor device of ciaim 1 wherein a
voltage drop occurs adjacent said regions which is nior-
mal to said outer surfaces during conduction of said de-
vice .after a-predetermined bias potential is applied to
said electrodes.

4. The semiconductor device of claim 1 and further
comprising a layer of highly doped semiconductor ma-
terial of said opposite conductivity type formed over
said first and second outer surfaces of said body and ex-
tending between said discrete regions to provide isola-
tion thereto, the thickness of said highlty doped semi-
conductor material being less than the thickness of said
three layers.

5. The semiconductor device of claim 1 wherein the
cross sectional areas of said regions paralle] to said sur-
faces are generally rectangular and. said regions are

spaced apart over the entire area of said first and sec-

ond outer surface, with intervals of opposite conductiv-
ity type disposed between and surrounding each of said
regions.

6. A semiconducior device of claim I wherein said
regions are elongated and have their lengths disposed
normal to said outer surfaces, and wherein said regions
are spaced about the outer surfaces of the body in a
predetermined symmetrical array.

7. The semiconductor device of claim 1 and further
comprising a grocve disposed between said first and
second electrodes.
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8. The semiconductor device of claim 1 and further
comprising a fourth electrode spaced apart from said
third electrode on said second outer surface.

9. The semiconductor device of claim 1 wherein said
regions are comprised of N-type conductivity material.

10. The semiconductor device of claim 9 and further
comprising a layer of P+ semiconductor material dis-
posed over said first and second outer surfaces and sur-
rounding said discrete regions.

11. A semiconductor device comprising:

a body including three layers of alternating opposite

conductivity types of semiconductor material,

a layer of one conductivity type being disposed be-
tween exterior layers of the other conductivity type
to form two P-N junctions within said body,

an array of discrete regions of said one conductivity
type formed in both of said exterior layers and ex-
tending normally from the external surfaces into
the interiors of said exterior layers, said discrete re-
gions being spaced apart throughout said exterior
layers and regions in one exterior layer being di-
rectly vertically aligned with regions in the other
exterior layer to cause a voliage drop adjacent said
regions normal to said P-N junctions during initial
conduction of said device upon the application of
a predetermined bias potential,

first and second spaced apart electrodes connected in
low resistance ohmic contact each with a plurality
of said discrete regions and one of said exterior lay-
ers,

a source of control bias connected to said second
elecirode, and

at least a third electrode connecied to the other of
said exterior layers of the other conductivity type.

i2, The semiconductor device of claim 11 wherein
said discrete regions are elongated and wherein each
discrete region in one of said exterior layers is aligned
along its longitudinal axis with the loagitudinal axis of
a discrete region in the other of said exterior layers.

13. The semiconductor device of claim 12 wherein
the entire surface of said exterior layers conducts. dur-
ing triggering of said device.

14. The semiconductor device of claim 11 and fur-
ther comprising a thin layer of semiconductor material
of said other conductivity type having a higher resistiv-
ity than said discrete regions disposed over said exter-
nal surface of said exterior layers and surrounding said
discrete regions.

15. 'The semiconductor device of claim 14 wherein
said thin layer of semiconductor material comprises P+
type material.

6. The semiconductor device of claim 11 wherein
said discrete regions are separated from one another by
thin intervals of said other conductivity type and
wherein said first and second electrodes are spaced
apart by at least one of said intervals.

17. The semiconductor device of claim 11 wherein
the cross sections of said regions are generally square
and have a thickness of less than 10 mils, the lengths of
said regions being directed normal 1o said external sur-
faces of said exterior layers.

8. The semiconductor device of claim 11 and fur-
ther comprising a groove in said exterior layer separat-
ing said first and second electrodes.

19. The semiconductor device of ciaim 18 and fur-
ther comprising a groove surrounding z. central area on
said other of said exterior layers.
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20. A semiconductor device of claim 11 and further
comprising a fourth electrode spaced apart from said
third electrode on said other of said exterior layers.

21. A semiconductor device comprising:

a body of semiconductor material including a plural-
ity of interleaved layers of opposite semiconductor
material type to form a plurality of P-N junctions,

an array of substantially identical discrete regions of
semiconductor material of one conductivity type
formed in two opposite exterior layers each of the
opposite conductivity type, said regions having
generally symmetrical cross sections with thick-
nesses less than 25 mils, said discrete regions ex-
tending from the external surfaces normally into
the interiors of said layers, said regions being
closely spaced apart over the surface areas of said
exterior layers with intervals of said opposite con-
ductivity type disposed between and surrounding
said regions, the axes of said discrete regions in one
of said exterior layers being aligned with the axes
of said discrete regions in the other of said exterior
layers,

first and second electrodes contacting one of said ex-
terior surfaces and each contacting a plurality of
said regions and spaced apart by at least one of said
intervals of said opposite conductivity type,

a source of contro! bias connected to said second
electrode, and

a third electrode connected to the other exterior
layer of semiconductor material of said body.

22. The semiconductor device of claim 21 and fur-

ther comprising a thin layer of semiconductor material
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of said opposite conductivity type having a higher resis-
tivity than said discrete regions disposed over said ex-
ternal surface and surrounding said discrete regions.

23. The semiconductor device of claim 21 wherein
said thin layer of semiconductor material comprises P+
material.

24. The semiconductor device of claim 21 wherein a
voltage drop occurs along the lengths of said regions
which is parallel to the longitudinal axes of said regions
during initial conduction of said devices upon applica-
tion of a predetermined bias potential.

25. The semiconductor device of claim 21 and fur-
ther comprising a groove separating said first and sec-
ond electrodes.

26. The semiconductor device of claim 21 wherein
said first and second electrodes are spaced apart by at
least one interval of said other conductivity type.

27. The semiconductor device of claim 21 and fur-
ther comprising a fourth electrode spaced apart from
said third electrode.

28. The semiconductor device of claim 21 wherein
said first electrode is disposed in the center of said exte-
rior surface and is separated by said second electrode
by a groove, and

a groove formed in said other exterior layer to define

a center area aligned with said first electrode.

29. The semiconductor device of claim 28 wherein
said center area comprises said one conductivity type.

30. The semiconductor device of claim 29 wherein

said grooves are filled with passivating material.
k% ok ok %



